Heavy metal contamination of soil resulting from sewage irrigation is a cause of serious concern due to the potential health impacts of consuming contaminated products. In this study an assessment made of the impact of sewage irrigation on heavy metal contamination of Spinach, Cabbage, Beetroot, Reddish, Okra, Tomato, and Cucumber is widely cultivated and consumed in urban India, particularly by the poor. A field study was conducted at seven major sites that were irrigated by either treated, (Dhandupura) or untreated wastewater in the suburban areas of Agra, India. Samples of irrigation water, soil, and the edible portion of all the vegetables were collected monthly during the winter seasons and were analyzed for Fe, Cd, Cu, Zn, and Pb. Heavy metals in irrigation water were below the internationally recommended (WHO) maximum permissible limits set for agricultural use for all heavy metals except Cd at all the sites. Similarly, the mean heavy metal concentrations in soil were below the Indian standards for all heavy metals, but the maximum value of Cd recorded during January was higher than the standard. However, in the edible portion of spinach, the Cd concentration was higher than the permissible limits of the Indian standard during summer, whereas Pb concentrations were higher in winter seasons. Results of correlation analysis were computed to assess the relationship between individual heavy metal concentration in the vegetable samples. The study concludes that the use of treated and untreated wastewater for irrigation has increased the contamination of Cd, Pb in edible portion of vegetables causing potential health risk in the long term from this practice. The study also points to the fact that adherence to standards for heavy metal contamination of soil and irrigation water does not ensure safe food. Fe was measured abundant in soil whereas Pb and Cd were found more in untreated sites as compared to treated site. Correlation, paired T-test and ANOVA were also carried out for pre post harvested soil and vegetables.
Introduction
Agra is situated in the extreme southwest corner of Uttar Pradesh, India. It stretches across 26''44'N to 27''25'N and 77''26'E to 78''32'E. It is situated at the bank of Yamuna. It has limited forest area having sporting trees of Babul, Ber, Neem, Peepal. Agra suffers from extremities of climate with scorching hot summers and chilly winters. Like most of the cities of North India the weather and climate of Agra is extreme and tropical. In Agra and surrounding areas summers are extremely hot and the maximum temperature goes to 47˚C while during winters it remains cold and foggy. During monsoon it becomes hot and humid. The soil, water and vegetable samples were collected during winter season in the month of December. The vegetable crops were irrigated in sewage water.
Wastewater irrigation is known to contribute significantly to the heavy metal contents of soils [1] . Plant species have a variety of capacities in removing and accumulating heavy metals, so there are reports indicating that some species may accumulate specific heavy metals, causing a serious health risk to human health when plants based food stuff are consumed [2] . Disposal of sewage water and industrial wastes is a great problem. Often it is drained to the agricultural lands where it is used for growing crops including vegetables. These sewage effluents are considered not only a rich source of organic matter and other nutrients but also they elevate the level of heavy metals like Fe, Mn, Cu, Zn, Pb, Cr, Ni, Cd and Co in receiving soils [3] . Heavy metals are one of a range of important types of contaminants that can be found on the surface and in the tissue of fresh vegetables. Prolonged human consumption of unsafe concentrations of heavy metals in foodstuffs may lead to the disruption of numerous biological and biochemical processes in the human body. Heavy metal accumulation gives rise to toxic concentrations in the body, while some elements (e.g. arsenic, cadmium, chromium) act as carcinogens and others (e.g. mercury and lead) are associated with developmental abnormalities in children.
Vegetables are an important part of human's diet. In addition to a potential source of important nutrients, vegetables constitute important functional food components by contributing protein, vitamins, iron and calcium which have marked health effects [4] . Vegetables, especially those of leafy vegetables grown in heavy metals contaminated soils, accumulate higher amounts of metals than those grown in uncontaminated soils because of the fact that they absorb these metals through their leaves [5] . [6] investigated the concentrations of heavy metals such as Cd, lead (Pb), Zinc (Zn), Cu and Ni in different vegetables, grown in various parts of Turkey. The levels of heavy metals (lead, cadmium, copper and zinc) were examined in selected fruits and vegetables sold in the local markets of Egypt [7, 8] studied the contents of heavy metals in vegetables grown in an industrial area of North Greece.
According to [9] , Zn deficiency in plants increased iron concentration. [10] have reported generally much more pronounced toxic effect of cadmium on plant growth parameters under iron deficiency conditions than under normal iron supply.
Plant studies have shown that although zinc is an essential element for higher plants, it is considered phytotoxic in elevated concentrations, directly affecting crop yields and soil fertility. Soil concentrations range from 70 -400 mg/Kg. Total zinc is classified as critical, above which toxicity is considered likely [11] . Zinc is an essential element needed by our body in small amounts. We are exposed to zinc compounds in food. The average daily zinc intake through the diet ranges from 5.2 to 16.2 milligrams (milligram = 0.001 gm). Food may contain levels of zinc ranging from approximately 2 parts of zinc per million (2 ppm) parts food (e.g. leafy vegetables) to 29 ppm (meats, fish, poultry).
Cadmium and its compounds may travel through soil, but its mobility depends on several factors such as pH and amount of organic matter which will vary depending on the local environment. Generally cadmium binds strongly to organic matter where it will be immobile in soil and be taken up by plant life, eventually entering the food supply. Leafy vegetables like cauliflower, cabbage, spinach, etc., grow quite well in the presence of sewage water [12] whereas vegetables such as radish are sensitive to sewage water [13] . Vegetables grown by the use of sewage water contain many heavy metals, which cause serious health hazards to the community and animals as well [14, 15] . This concern is of special importance, where un-treated sewage is applied for longer periods to grow vegetables in urban lands. Heavy metal bioaccumulation in the food chain can be especially highly dangerous to human health. These metals enter the human body mainly through two routes namely: inhalation and ingestion, and with ingestion being the main route of exposure to these elements in human population.
The aim of research is to assess the effect of heavy metal accumulation in sewage irrigated soil and vegetable crop.
Method and Material
The analysis of various parameters for the soil samples collected from the varying plots of different sites e.g. (Balkeshwar, Bichpuri, Dhandupura, Etmadpur, Gopalpura, Nunhai, Sikandra) of Agra region was conducted during the winter season before and after harvesting the various vegetable crops. The soil in Agra region is basically alluvial. The climate is neither too wet nor too dry. For the detection of heavy metals in sewage water AAS technique was used.
Sample Preparation
Reagents used: 1) Air: Cleaned and dried through a filter air; 2) Acetylene: Standard, commercial graded; 3) Metal free water: All the reagents and dilutions were made in metal free water; 4) Methyl isobutyl ketone (MIBK): Reagent grade MIBK is purified by redistillation before use; 5) Ammonium pyrrolidine dithiocarbonate (APDC) solution: 4 gm APDC is dissolved in 100 ml water; 6) Conc. HNO 3 ; 7) Standard metal solutions: Five standard solutions of 0.01, 0.1, 1, 10 and 100 mg/l concentrations of metals for instrument calibration and sorption study are prepared by diluting their stock solution of 1 gm/l i.e. 1 ml = 1 mg metal.
Water Samples
The sewage water samples were collected from different sites. The samples were collected in 1-litre precleaned (with 50% HNO 3 and than thrice with deionized water) plastic bottles and acidified with 5 ml conc. HNO 3 per litre of wastewater for the analysis of heavy metals.
Soil Samples
About 0.5 Kg composite samples from 10 -20 sub samples were taken in plastic bags of 1 Kg capacity by quartering technique taken in zig zag along different sections of the area until the whole area was covered. A representative composite soil sample from agricultural is made up of 10 -20 sub samples from a uniform field. Sub samples are taken with a soil auger after cleaning ground tightly with wooden pestle in a wooden mortar. The composite sample is spread to be air dried and extraneous material such as leaves, twigs, rocks etc. were removed. The whole of composite sample is spread in a uniform way and go on quartering and taking diagonal quarters rejecting the other too till approximately 500 gm soil sample is obtained. The sample is filtered through a 2 mm plastic sieve. About 0.5 Kg filtered soil sample was stored in a clean polythene bag with proper labelling for analysis.
Vegetable Samples
Plant samples were collected in paper bags. Each sample was given a particular identification number. The collected plant samples were washed with distilled water, wiped and dried in oven at 60˚C and ground in a micro grinding mill and stored.
The heavy metal analysis is done to detect heavy metals in water, soil and vegetable samples.
Statistical Analysis
Descriptive statistical analysis including 2-way ANOVA, pearson correlation, significance (0.01 and 0.05) was done by SPSS software.
Results and Discussion
Sewage contained on an average 1.20 mg·Kg ). All the plants contained concentrations of heavy metals above the permissible levels. Furthermore the concentrations observed in this study were higher than those reported by other workers who have examined vegetation from other contaminated sites. The plants grown on the soil polluted with sewage-effluents were found to record higher uptake of heavy metals when compared to plants grown on normal soils [16] . The Fe concentration in sewage is high as soil in Agra is alluvial and has capacity to absorb iron. Cd and Pb content is also high in sewage. Zn, Cu and Cd were highly significant (p < 0.01) ( Table  1 ). The treated site (Dhandupura) has comparatively lower amount of Cd as compared to other sites. In pre and post harvested soil Fe, Zn, Pb, Cu and Cd are highly significant (p < 0.01) (Tables 2 and 3) . Cu is negatively correlated to Cd concentration in all the vegetables and vice versa ( Table 4) .
The Fe content in sewage, pre and post harvested soil post < pre < sewage, Zn content post < pre < sewage, Pb content sewage < post < pre, Cu content sewage < pre < post, Cd content sewage < post < pre.
The Fe content in vegetables tomato < okra < brinjal and cucumber < reddish < spinach and beetroot, Zn content as brinjal and copper < okra < tomato < reddish < spinach < beetroot < Pb content as tomato < okra < brinjal and cucumber < reddish < beetroot < spinach. Cu as okra < tomato < cucumber < brinjal < reddish < spinach < beetroot Cd as okra < brinjal and cucumber < tomato < reddish < beetroot < spinach. The mean values and range of heavy metals in sewage pre and post harvested soil and vegetables are shown in Tables 5-7 . In sewage Zn, Pb and Cu were highly significant W.R.T different sites. Shown in Table 1 . All the heavy metals in pre and post harvested soil were highly significant W.R.T different sites. Shown in Tables 2 and 3 . The correlation between vegetables and sites was calculated through pearson correlation. Fe is highly significant with Zn, Cu and Cd of different sites. Cu is negatively correlated with Cd (r = −0.009) shown in Table 4 . The conc. of heavy metals in sewage and soil is shown in Figure 1 . It is concluded from the figure that Zn concentration is highest in sewage. It is also clear that pre harvested soil accumulates more heavy metals as compared to post harvested soil. Cd is accumulated in traces in sewage as well as soil. (Figure 1) . Spinach, reddish and beetroot are more prone to absorb more heavy metals from soil (Figure 2) .
The heavy metal content in Akaki water (Ni-12.1, Cu-38.4, Pb-35.5 and Cd-2.5 μg·L −1 ) [17] was higher than the natural elemental levels in freshwater [18] .
Conclusion and Recommendation
From the study it is revealed that, untreated sewage and industrial effluents are the main source of pollution to soil and irrigation with contaminated sewage water containing variable amounts of heavy metals leads to increase in concentration of metals in soil and vegetables, which is grown using the polluted water. Concentration of metals in vegetables will provide baseline data and there is a need for intensive sampling for quantification of results throughout the country. Since cucumber is the least accumulator of metals and metalloids, it may be less risky to eat cucumber than eating beetroot and spinach, from health standpoint. To avoid entrance of metals into the food chain, municipal or industrial waste should not be drained into rivers and farmlands without prior treatment. Apart from treating the discharge that enters into the farms, it is also imperative to utilize alternative measures of cleaning up the already contaminated substrates. Continuous monitoring of soil, plant and water quality together with prevention of metals entering vegetables is a prerequisite in order to prevent potential health hazards to human beings.
